This paper studies the empirical relevance of temptation and self-control using household-level data from the Consumer Expenditure Survey. We estimate an infinite-horizon consumptionsavings model that allows, but does not require, temptation and self-control in preferences. To help identify the presence of temptation, we exploit an implication of the theory that a tempted individual has a preference for commitment. In the presence of temptation, the cross-sectional distribution of the wealth-consumption ratio, in addition to that of consumption growth, becomes a determinant of the asset-pricing kernel, and the importance of this additional pricing factor depends on the strength of temptation. The estimates that we obtain provide statistical evidence supporting the presence of temptation. Based on our estimates, we explore some quantitative implications of this class of preferences on equity premium and on the welfare cost of business cycles. † We are grateful to Narayana Kocherlakota and Luigi Pistaferri for helpful suggestions,
Introduction
Experimental studies find that, as time passes, subjects exhibit "preference reversals" in that they would prefer the larger and later of two prizes when both are offered in the distant future, whereas they would choose the smaller and earlier award if both prizes are drawn instantaneously (e.g., Loewenstein, 1996; Rabin, 1998) . A manifestation of this behavior is that, when planning for the long run, one intends to meet deadlines, exercise regularly, and eat healthy; but the short-run behavior is rarely consistent with the long-run plan. 1 One interpretation of this kind of behavior is that decision makers discount future preferences hyperbolically rather than exponentially (e.g., Laibson, 1994 Laibson, , 1996 Laibson, , 1997 Harris and Laibson, 2001; Angeletos et al., 2001) . A main critique of this interpretation is that the underlying preferences are time-inconsistent: today's self would be different from tomorrow's self, and the "selves" in different time periods often have conflicting goals. The time inconsistency in preferences often complicates studies of public policy issues, since it is difficult to find an agreeable social welfare objective. 2 An alternative interpretation of the behavioral observations builds on axiomatic foundations for preferences that allow for temptation and self-control. This specification allows one to capture the potential conflict between an agent's ex ante long-run ranking of options and her ex post short-run urges in a rational and time-consistent framework. A typical agent faces temptation in each period of time, and she exercises costly self-control efforts to resist the temptation. Thus, she might be better off if facing a smaller opportunity set that excludes the ex ante inferior but ex post tempting alternatives. What makes this approach different from the hyperbolic-discounting approach is that, at any point in time, the individual would not regret an earlier decision, since she has done her best resisting temptations in every period. In other words, the resulting preference representation is time-consistent, which makes it easier to study public policy issues than if timeinconsistent preferences were used (e.g., Gul and Pesendorfer, 2001 , 2004a , 2004b , 2005a .
Another advantage of the axiom-based approach is that it allows for a recursive representation of preferences: one can reduce an infinite-horizon planning problem into a recursive, two-period problem, making theoretical characterization and solution much easier. This is perhaps an important reason why this class of preferences has gained popularity since its initial theoretical development by Gul and Pesendorfer a few years ago. For example, Krusell, Kuruşçu, and Smith 1 For recent evidence on temptation and the lack of self-control in consumption-savings decision based on a survey of TIAA-CREF participants, see Ameriks et al. (2004) . Their survey also indicates that self-control is linked to "conscientiousness" in planning, an idea that takes its root in Strotz (1956) and Peleg and Yaari (1973) .
2 For some related issues concerning this type of preferences, see, for example, Jagannathan and Kocherlakota (1996) , Rubinstein (2003) , , and Gul and Pesendorfer (2004a) .
(2002) and DeJong and Ripoll (2003) apply the theory with self-control preferences to asset pricing, Krusell, Kuruşçu, and Smith (2003) to taxation, Ameriks et al. (2004) to survey designs, Pesendorfer (2004a, 2004b) to consumption-savings decisions and welfare, and Gul and Pesendorfer (2005b) to harmful addiction. 3 Applied work in this rapidly growing literature has encountered a short supply of empirical evidence that is needed for quantifying the strength of temptation and self-control, or the lack thereof, which is crucial for assessing the significance of their effects in the areas of greatest economic importance. Researchers in this area have thus far relied on calibration of key parameters based on aggregate data (e.g., Laibson, Repetto, and Tobacman, 1998; Krusell, Kuruşçu, and Smith, 2002) . As pointed out by Krusell, Kuruşçu, and Smith (2002) , the "results are hard to judge quantitatively since we do not have any independent information regarding the strength or nature of the possible savings urges among investors."
The current paper intends to fill this gap by estimating the quantitative strength of temptation and self-control. For this purpose, we construct an infinite-horizon consumption-savings model that allows for, but does not require, temptation and self-control in preferences. Since our model nests the standard consumption-savings model without temptation as a special case, testing the statistical significance of the presence of temptation boils down to a model-restriction test. We implement this test by first estimating an unrestricted model that allows for temptation using the generalized method of moments (GMM), and then a restricted model that corresponds to the standard model without temptation. It is then straightforward to construct a Wald statistic to test the null hypothesis of the absence of temptation and self-control.
Our work shares a similar goal as DeJong and Ripoll (2003) , who estimate the strength of temptation based on a version of the Lucas (1978) model of asset pricing. A main difference is that we use household-level data from the Consumer Expenditure Survey (CEX) to build a pseudopanel with synthetic birth-year cohorts for our estimation, whereas DeJong and Ripoll rely on aggregate time series data. 4 From this perspective, our work is perhaps more closely related to that by Paserman (2004) , Fang and Silverman (2004) , and Laibson, Repetto, and Tobacman (2004) , who all employ panel or field data in estimating the quantitative effects of self-control problems under preference specifications with hyperbolic discounting.
The use of micro data in our estimation is essential for several reasons. First, it allows us to capture individual differences in the strength of temptation and self-control. This level of 3 Related theoretical and applied work also includes Benhabib and Bisin (2005) and Bernheim and Rangel (2002) , among others. 4 The pseudo-panel approach that we use is proposed by Attanasio and Weber (1989 , 1993 in the spirit of Browning, Deaton, and Irish (1985) , Deaton (1985) , and Heckman and Robb (1985) .
heterogeneity is particularly useful for identifying the presence of temptation, since our model implies that an individual who is more susceptible to temptation would be more likely to hold commitment assets, as holding commitment assets helps reduce the cost of self control. 5 Second, allowing for preference heterogeneity and idiosyncratic risks is essential, especially in the absence of a complete insurance market. Without complete insurance, estimating intertemporal
Euler equations based on aggregate data would be problematic, since agents would be exposed to important uninsurable idiosyncratic risks. Third, as intertemporal Euler equations hold only for those individuals who participate in asset market transactions, using aggregate data may lead to inconsistent estimates of the parameters of interest as the limited-participation aspect would be ignored in the process of aggregation. 6
In practice, we estimate jointly the elasticity of intertemporal substitution (EIS) and the temptation parameter using GMM in our baseline model. We parameterize the utility function to be consistent with balanced growth and recent evidence on the cointegrating relations between consumption, income, and wealth (e.g., Ludvigson, 2001, 2004) . We focus on estimating a log-linearized Euler equation, which is linear in parameters, based on pseudo-panel data constructed using the synthetic cohort approach. We try to control the aggregation process and deal with potential measurement errors in the individual level data. This is fundamentally the same approach taken by Vissing-Jorgensen (2002) , among others, under the standard preferences without temptation.
As we allow for temptation and self-control, the cross-sectional distribution of wealth-consumption ratios, in addition to the cross-sectional distribution of consumption growth rates, becomes a determinant of the intertemporal marginal rate of substitution (IMRS) (also known as the assetpricing kernel or the stochastic discount factor), and the importance of this additional factor depends on the strength of temptation and self-control. The wealth-consumption ratio appears in the asset-pricing kernel because, if the individual agent succumbs to temptation, she would consume her entire income and accumulated (liquid) assets, which correspond to our definition of wealth. In other words, wealth is the "temptation consumption."
5 Della Vigna and Paserman (2004) present evidence on cross-sectional variation in the level of self-control and show that it predicts cross-sectional variation in behaviors. Krusell, Kuruşçu, and Smith (2002) argue for the realism of differing degrees of temptation and self-control among consumers, and they demonstrate the potential significance of such heterogeneity in accounting for the high equity premium and low risk-free rate. See also Ameriks et al. (2004) for some evidence on the heterogeneity in the degree of temptation and self-control in a survey sample of TIAA-CREF participants. 6 For some recent studies that emphasize the importance of idiosyncratic risks and limited participation, see Brav, Constantinides, and Geczy (2002) , Cogley (2002) , Vissing-Jorgensen (2002) , and Jacobs and Wang (2004) .
For a survey of this literature, see Constantinides (2002) .
The estimates that we obtain provide statistical evidence supporting the existence of temptation and self-control in preferences. With reasonable precisions, we obtain a significant estimate of the strength of present-biased temptation, and we reject the null hypothesis of no temptation at common confidence levels.
To distinguish self-control preferences from other classes of preferences such as habit formation (e.g., Constantinides, 1990; Campbell and Cochrane, 1999) or non-expected utility (e.g., Zin (1989, 1991) , we exploit an implication of self-control preferences that an individual who is more susceptible to temptation would be more likely to hold commitment assets, which are assets that cannot be easily re-traded (e.g., Gul and Pesendorfer, 2004b) . To implement this idea, we include in our estimation equation an interaction term between the wealth-consumption ratio and an education dummy. The education dummy takes a value of one if the underlying individual has received 16 or more years of schooling, and zero otherwise. Since education can be viewed as a form of commitment asset (e.g., Kocherlakota, 2001) , we should expect those individuals with higher levels of education to also have a larger temptation parameter. Indeed, this is borne out by our estimation. Further, we find evidence that individuals with higher education levels are also more likely to contribute to pensions. Since pensions can be reasonably viewed as another form of commitment assets, this evidence lends further support to the presence of temptation and self-control in preferences.
To illustrate the potential applications of the temptation and self-control preferences, we explore how the presence of temptation, with a reasonable magnitude as suggested by our estimates, can affect equity premium and calculations of the welfare costs of business cycles. There, we find that the presence of temptation in itself does not explain the equity premium puzzle. But more encouragingly, we obtain some welfare results that are somewhat surprising yet quite intuitive.
The rest of the paper is organized in the following order. Section 2 presents an infinite-horizon consumption-savings model that allows for temptation and self-control, with the utility function parameterized to be consistent with balanced growth and the cointegration properties between consumption, income, and wealth. Section 3 describes the data construction and aggregation approach. Section 4 explains our estimation strategies. Section 5 reports the estimation results and offers some discussions. Section 6 discusses some quantitative implications of the temptation preferences in light of our estimation results. Section 7 concludes.
A Consumption-Savings Model with Temptation and Self-Control
In this section, we first consider an infinite-horizon consumption-savings problem that allows, but does not require, the possibility of temptation and self-control in preferences, as formalized by Gul and Pesendorfer (GP) (2001 , 2004a , 2004b . We then characterize the stochastic discount factor (SDF) in the presence of temptation and dynamic self-control.
2.1 An Axiom-Based Representation for Self-Control Preferences Pesendorfer (2001, 2004a) consider decision problems by agents who are susceptible to temptations in the sense that ex ante inferior choice may tempt the decision maker ex post.
They develop an axiom-based and time-consistent representation of self-control preferences that identifies the decision maker's commitment ranking, temptation ranking, and cost of self-control.
According to their definition, "an agent has a preference for commitment if she strictly prefers a subset of alternatives to the set itself; she has self-control if she resists temptation and chooses an option with higher ex ante utility." They show that, to obtain a representation for the self-control preferences, it is necessary, in addition to the usual axioms (completeness, transitivity, continuity, and independence), to introduce a new axiom called "set betweenness," which states that A B implies A A B B for any choice sets A and B. Under this axiom, an option that is not chosen ex post may affect the decision maker's utility at the time of decision because it presents temptation; and temptation is costly since an alternative that is not chosen cannot increase the decision maker's utility.
Under these axioms, GP (2001) show that a representation for the self-control preferences takes the form
where both u and v are von Neumann-Morgenstern utility functions over lotteries and W (A) is the utility representation of self-control preferences over the choice set A. The functions u and v describe the agent's commitment ranking and temptation ranking, respectively. The term
is non-negative for all x ∈ A, and it represents the utility cost of self-control.
The Infinite-Horizon Consumption-Savings Problem
Consider now a consumption-savings problem in an infinite-horizon economy with a large number (H) of households, who face idiosyncratic risks and incomplete insurance. The households have access to an asset market, where they trade I types of assets, including a risk-free asset. new asset positions to maximize his expected lifetime discounted utility. In the decision problem, a household faces a temptation to consume all his wealth that consists of current endowment and the market value of his current assets. He may exert costly efforts to resist such temptations. As shown by GP (2004a) , an infinite-horizon consumption planning problem, like the one described here, can be formulated in a recursive form. Denote by z(b) the infinite-horizon planning problem when the current asset position is b. The decision problem for a generic household is then described by the dynamic programming problem
subject to the budget constraint
where u and v are von Neumann-Morgenstern utility functions, δ ∈ (0, 1) is a discount factor, and E is an expectation operator, and the tilde terms denote variables in the next period. To keep the notations brief, we have dropped the household index h. The term w denotes the maximum level of consumption admissible by the budget constraint if the household succumbs to temptation, that is,
Let R i t+1 = (q i t+1 + d i t+1 )/q i t denote the gross return on asset i between period t and t + 1. Then, for any asset i ∈ {1, . . . , I}, the intertemporal Euler equation is given by
where u (·) and v (·) denote the marginal commitment utility and the marginal temptation utility, respectively, E t is a conditional expectation operator. More generally, the intertemporal Euler equation can be written as
where, with a slight abuse of notation, R t+1 denotes the gross return on a generic asset, and m t+1 denotes the intertemporal marginal rate of substitution, also known as the stochastic discount factor (SDF), and is given by
Our goal is to test the empirical importance of temptation and self-control in preferences. For this purpose, we follow and restrict our attention to a class of constant relative risk aversion (CRRA) utility functions, with the commitment utility and the temptation utility functions given by
where γ is the coefficient of relative risk aversion and λ > 0 measures the strength of temptation.
Under this specification, both the commitment utility u and the temptation utility v are concave, so that the household is risk-averse in consumption but risk-seeking in wealth (since −v(w) is convex). In other words, the household exhibits more risk aversion when choosing among lotteries that promise immediate consumption rewards than when choosing among those that promise risky future returns. This pattern of risk attitudes is consistent with recent experimental evidence (e.g., Noussair and Wu, 2003) . An immediate implication is that variations in consumption tend to make the household worse off, whereas variations in wealth (consisting of income and asset accumulations) tend to reduce the utility cost of resisting temptation and is thus desirable for the household. This feature has important implications for calculations of the welfare cost of business cycles, as we show in Section 6.
With the utility functions so parameterized, the SDF defined in (7) is given by
Clearly, without temptation, that is, with λ = 0, the SDF reduces to
We are thus testing the hypothesis that the SDF is characterized by (9) against the alternative that it is described by (10).
Temptation and self-control give rise to the presence of the wealth-consumption ratio in the SDF. This complicates empirical estimation of the parameters of interest based on the intertemporal Euler equation, especially if there are measurement errors. Under some conditions, however, one can still obtain consistent estimates of the elasticity of intertemporal substitution (EIS) and the temptation parameter even in the presence of measurement errors. Inspecting the expression for the SDF in (9), we see that a sufficient condition for obtaining consistent estimates for these parameters is that the measurement errors in individual consumption and in wealth are multiplicative and proportional to each other (with a constant proportionality), and that they are independent of the true levels of consumption and wealth, independent of asset returns and the instruments. 7 These conditions on the measurement errors appear quite stringent. This motivates our choice of estimating a log-linearized version of the Euler equation. 8
For the purpose of obtaining a log-linearized Euler equation, we assume that the consumption growth rate and the wealth-consumption ratio are both stationary. 9 A log-linear approximation to the SDF around the steady state is given by
where the term κ t+1 includes the second or higher moments in consumption growth and the wealth-consumption ratio, and the parameter φ is given by
with χ = w/c denoting the steady-state ratio of wealth to consumption. Using (6) and (11), we obtain an empirical version of the consumption Euler equation in the presence of temptation:
where the intercept term b 0 contains the constants and unconditional means of the second or higher moments of consumption growth, wealth-consumption ratio, and asset returns, and the error term ν t+1 summarizes expectation errors and approximation errors (i.e., deviations of second or higher moments of the relevant variables from their unconditional means).
In the restricted model without temptation, the SDF reduces to ln(m t+1 ) = ln(δ)−γ ln(c t+1 /c t ).
An empirical version of the intertemporal Euler equation is then given by
where σ = 1/γ is the EIS, the intercept term a 0 summarizes the constants and the unconditional mean of the second (or, in case of non-lognormal distributions, higher) moments of consumption growth and real asset returns, while the error term ε t+1 contains expectation errors and 7 For a similar argument in the context of estimating EIS alone (based on a CRRA utility function without temptation), see Attanasio and Weber (1995) , Vissing-Jorgensen (2002) , and Kocherlakota and Pistaferri (2004) . 8 The approach to estimating preference parameters based on log-linearized Euler equations is not without controversy. For a recent debate on some potential problems with and some main advantages of this approach, see the exchange between Carroll (2001) and Attanasio and Low (2004) (see also Ludvigson and Paxson, 2001 ). Despite its potential problems, the log-linear approach allows us to control the aggregation process, which is essential to capture the heterogeneity in individual preferences and to control for other aggregation biases and measurement errors. In the absence of a better approach to deal with aggregation biases and measurement errors, especially in a sample with a short time-series dimension of each individual household, as in the CEX survey, we view the log-linear approach as a useful compromise. 9 Ludvigson (2001, 2004) provide evidence that, in aggregate U.S. data, wealth and consumption are cointegrated so that this ratio is stationary.
approximation errors. This equation forms the basis for estimating the EIS in the literature (e.g., Attanasio and Weber, 1989; Vissing-Jorgensen, 2002 ).
To test the empirical presence of temptation is thus equivalent to testing the Euler equation (13) under GP preferences against its alternative (14) under CRRA utility. We implement this empirical task by first obtaining joint estimates of the EIS parameter given by σ and the temptation parameter represented by λ using GMM, and then testing the null hypothesis that λ = 0.
To implement the GMM estimation, we use the log-linearized Euler equations (14) and (13) for the two alternative specifications of preferences, which, under rational expectations, lead to the moment conditions E t (Z t ε t+1 ) = 0 under the standard CRRA utility and E t (Z t ν t+1 ) = 0 under the GP preferences, for any vector of variables Z t that lie in the information set of period t. 10
Note that, to obtain an estimate for λ under GP preferences, we first estimate σ and φ from (13), and then compute the point estimate of λ from the relation
where a hatted variable denotes its point estimate. One can then obtain a 95% confidence interval for the estimate of λ using the delta method. Clearly, the null hypothesis that λ = 0 is equivalent to φ = 0.
The Data
In this section, we describe the data that we use to estimate the intertemporal Euler equations.
The household-level data are taken from the Consumer Expenditure Survey (CEX) provided by the Bureau of Labor Statistics (BLS). In what follows, we present a general overview of CEX data (Section 3.1), discuss our procedure to construct a pseudo panel with synthetic birth-year cohorts of households (Section 3.2), describe our sample selection criteria (Section 3.3), and explain how to construct measures of consumption growth (Section 3.4), wealth-consumption ratio (Section 3.5), and asset returns (Section 3.6).
10 One cannot rule out the possibility that deviations of the conditional second or higher moments in the Euler equations from their unconditional means might be highly persistent. This may make the use of lagged variables as instruments problematic in estimating Euler equations. Yet, Attanasio and Low (2004) show that, when utility is isoelastic and a sample covering a long time period is available, estimates from log-linearized Euler equations with varying interest rates are not systematically biased. A related issue is the control of measurement errors in the process of aggregation. When there are large enough cross-sectional observations, measurement errors in the linear terms tend to cancel out in the aggregation process, but those in the second or higher order terms contained in ν t+1 may not cancel, and may become even worse.
Overview
The CEX survey has been conducted on an ongoing basis by the BLS in every quarter since 1980.
It is a representative sample of the universe of U.S. households. In each quarter, the BLS chooses about 5,000 households randomly according to the stratification criteria determined by the U.S.
Census. The households are asked to report how much they have spent on a variety of goods and services in the previous three months. The 5,000 interviews are split more or less evenly over the three months of the quarter. Each household participates in the survey for five consecutive quarters, including one training quarter with no data recorded and four "regular" quarters, during and services in the theoretical model (e.g., Hall and Mishkin, 1982; Zeldes, 1989; Altug and Miller, 1990; Cochrane, 1991; Mankiw and Zeldes. 1991; Jacobs, 1999) . Because of their broad coverage of consumption expenditures, CEX data have been widely used in the literature as an attractive alternative to aggregate macro data such as those in the National Income and Product Accounts (NIPA). For instance, CEX data have been used for the studies of a variety of issues, such as inequality (e.g., Deaton and Paxson, 1994) , consumption smoothing (e.g., Attanasio and Weber, 1995; Attanasio and Davis, 1996; Kruger and Fernandez-Vilaverde, 2004) , and asset pricing (e.g.,
Vissing-Jorgensen, 2002), Brav, Constantinides, and Geczy, 2002; Cogley, 2002; Jacobs and Wang, 2004 ).
The Synthetic Cohorts
The short panel dimension of CEX data makes the use of direct panel techniques problematic.
Since each individual household is interviewed only five times (including a training period), one would be seriously constrained by the time-series dimension in estimating Euler equations if individual household data were to be used. For this reason, we do not rely on individual household data. We follow instead a pseudo-panel approach proposed by Attanasio and Weber (1989 , 1993 , which exploits the repeated nature of the CEX surveys, and which takes its original root in Browning, Deaton and Irish (1985) , Deaton (1985) , and Heckman and Robb (1985) . As new households from a randomly selected large sample of the U.S. population keep entering the survey, consumption by the sampled households contains information about the mean consumption of the group to which they belong. Thus, a relatively long time series can be constructed for each synthetic cohort, that is, a typical group defined by observable and relatively fixed characteristics.
The characteristic that we use to construct our synthetic cohorts is the birth years of household heads, as in Attanasio and Weber (1995) . We define a birth-year cohort as a group of individuals who were born within a given five-year interval. We follow the households in each cohort through the entire sample period to generate a balanced panel. We also report results based on a simple cohort technique, an approach used, for example, by Vissing-Jorgensen (2002) . Under this approach, we pool the five birth-year cohorts into a single cohort, and compute the resulting cohort's consumption growth and wealth-consumption ratio by taking cross-sectional averages for each time period. This procedure results in a single time series.
12 For a survey of the literature that documents the jump in consumption at retirement age and attempts to explain the jump, see, for example, Attanasio (1999) . See Laitner and Silverman (2004) for a more recent explanation.
Limited Participation and Sample Selection Criteria
The intertemporal Euler equation holds only for those households who participate in asset market transactions. But not all households participate. The importance of limited participation has been widely recognized in the literature (e.g., Mankiw and Zeldes, 1991; Brav, Constantinides, and Geczy, 2002; Cogley, 2002; and Vissing-Jorgensen, 2002 , among others).
To recognize the importance of limited participation, we select a subsample of households who are classified as "asset holders" based on a similar set of criteria used by Cogley (2002) and Jacobs and Wang (2004) . For a household's Euler equation between period t and t + 1 to hold, the household must hold financial assets at the beginning of period t, which corresponds to the beginning of the household's first interview period. Our first category of asset holders includes households who report positive holdings of "stocks, bonds, mutual funds, and other such securities" or "U.S. savings bonds" at the beginning of the first interview. To minimize the influence of measurement errors and other problems caused by poor quality of the data in our estimation, we apply some further restrictions to our sample in constructing the consumption growth data. First, we drop from our sample households who report non-positive real quarterly consumption. Second, as in Zeldes (1989) and Vissing-Jorgensen (2002), we drop outliers in the data for consumption growth rates, since these data may reflect reporting or coding errors. Third, we drop the households with any missing interviews, since we cannot compute the semiannual consumption growth rate for these households. Fourth, we drop non-urban households, those residing in student housing, and those with incomplete income reports. Finally, we exclude from our sample households that report a change in the age of the household head between any two interviews by more than one year or less than zero. We do this to rule out the possibility of drastic changes in consumption behavior due to changes in household heads. In addition, starting in the first quarter of 1986, the BLS changed its household identification numbering system, leaving no information about the correspondence between the household identification numbers in 1985:Q4 and 1986:Q1. We have to drop some observations (seven monthly observations) because of this mismatching problem. A similar problem also occurred in 1996, and we have to drop four additional monthly observations.
The Consumption Growth Rate
We measure consumption by the sum of expenditures on nondurable goods and services. We construct a consumption basket for each household in the CEX survey based on the definition of nondurables and services in the NIPA. A typical consumption basket includes food, alcoholic beverages, tobacco, apparel and services, gasoline and auto oil, household operations, utilities, public transportation, personal care, entertainment, and miscellaneous expenditures. 14 We deflate nominal consumption expenditures by the consumer price index for nondurables (unadjusted for seasonality), with a base period of 1982-1984.
To construct data for our estimation, we focus on semiannual frequencies, for two reasons.
First, using lower frequency data helps mitigate problems caused by measurement errors, as argued by Vissing-Jorgensen (2002) . Second, unique to our model with temptation, we need to construct wealth data for our estimation, and there is only one observation of wealth for each household in the CEX survey. Given the semiannual data that we construct, each household faces two decision periods: t and t + 1, which corresponds to the first and the second half of the year during which the household is interviewed.
The semiannual consumption growth rate is defined as
where m refers to the first month that a household makes its consumption decision. Thus, m + 3 is the month when the first interview is conducted, at which the household reports expenditures
14 By leaving out expenditures on durable goods, we implicitly assume that the utility function is separable in consumption of durables and of nondurables and services.
incurred during the previous three months (i.e., c h m , c h m+1 , and c h m+2 ), m + 6 is the month for the second interview, at which the household reports consumption expenditures incurred during m+3, m + 4, and m + 5, and so on. For each household who has four complete interviews recorded, we obtain one observation of semiannual consumption growth rate. Given the rotating-panel feature of the CEX survey, we can construct a cohort-specific semiannual consumption growth rate for each month, which is the cross-sectional average of the consumption growth rates for households in the same cohort. The average consumption growth rate for a specific cohort j is given by
where H j t denotes the number of households in cohort j in period t, and c jh t denotes the period t consumption of household h in cohort j. Note that, if complete insurance against idiosyncratic risks were available, then all households would have identical consumption growth, and the average consumption growth rate would be identical to the growth rate of aggregate consumption per capita (aggregated in the spirit of NIPA). In general, if there are uninsurable idiosyncratic risks, consumption growth would not be identical across households, so that our measure of consumption growth rate as described in (17) would be more appropriate than the one obtained from aggregate data. Table 1 presents some summary statistics of our measure of semiannual consumption growth, sorted by asset holder status and cohort groups. The table reveals a high degree of heterogeneity in consumption growth rates across households, suggesting the existence of important uninsurable consumption risks. 15
The Wealth-Consumption Ratio
We now describe how we construct a theory-consistent measure of the wealth-consumption ratio.
In our model, a household's wealth w t is the maximum amount of resources available at the beginning of period t for consumption if the household succumbs to temptation. It equals the sum of period t income, including labor income and dividend income, and the market value of liquid financial assets available at t.
The CEX survey provides information on a household's asset holdings only for the last interview, at which the household reports both the current stock of assets and the flows during the previous 12 months. We retrieve asset holdings at the beginning of the period t by subtracting the asset flows during the entire interview period from the end-of-interview asset stocks. This information helps pin down
But what is relevant for the intertemporal Euler equation is the wealth-consumption ratio at the beginning of period t + 1. Thus, we need to calculate the value of w h t+1 . For this purpose, we assume that the households follow a "buy-and-hold" strategy between their decision periods t and t + 1, so that the wealth at the beginning of period t + 1 can be imputed based on reported income for t + 1, the market value of the household's assets at the beginning of t, and the market return between t and t + 1. Specifically, we have
where
is the flow of reported income, consisting of labor income (i.e., endowment) and dividend income.
The asset categories that we use in constructing the wealth data include liquid asset holdings in the household's "checking accounts, brokerage accounts, and other similar accounts," "saving accounts," "U.S. savings bonds," and "stocks, bonds, mutual funds, and other such securities." 16
To compute the total value of holdings of different types of assets, we assume a zero net return on the first category of assets (i.e., checking accounts, etc.); we use returns on the 30-day Treasury bills for the second and the third category of assets (i.e., savings and savings bonds); and finally, we use the New York Stock Exchange (NYSE) value-weighted returns for the last asset category (i.e., "stocks, bonds, mutual funds, and other such securities"). 17
In addition to the value of financial assets, we need to have income data to construct our imputed wealth measure in (18). The CEX survey reports, for each interview, the "amount of total income after tax by household in the past 12 months." To calculate a household's semiannual 16 We include here only liquid assets because the wealth in our model corresponds to the maximum amount of consumption if the household succumbs to temptation. The assets must have sufficient liquidity so that they can serve as "temptation." We have also examined a broader definition of asset holdings by including property values (mainly housing), and obtained very similar results (not reported).
17 Clearly, we can obtain only one observation of asset value for each household during the entire interview period.
But this does not present a problem for constructing our sample with semiannual data, since we can obtain only one observation of semiannual consumption growth rate for each household during the entire interview period, as discussed in Section 3.1, so we need only one observation for the wealth-consumption ratio for each household.
income y h t (i.e., income earned during the first half year of the household's interview period), we first divide the reported annual income at the time of each interview by four, and then add up the resulting quarterly incomes for the first and the second quarters in the interview period. Similarly, the income earned during the second half year of the household's interview period (i.e., y h t+1 ) is the sum of the household's average quarterly incomes for the third and the fourth interview quarters.
To get the wealth-consumption ratio for period t, we further need to construct the consumption data c h t for household h in period t. This is done by adding up the household's reported consumption expenditures during the first two interview quarters. To obtain c h t+1 , we add up the household h's reported consumption expenditures during the last two interview quarters. We then divide the wealth measure by the consumption expenditures to obtain the relevant wealthconsumption ratio w h t+1 /c h t+1 . Finally, we average across households in a given synthetic cohort j to obtain a time series of the cohort's wealth-consumption ratio
Note that because of the rotating-panel feature of the CEX survey, we can construct the semiannual wealth-consumption ratio for each month within the sample period for a given cohort. Table 2 presents some summary statistics of the wealth-consumption ratio, sorted by asset holder status and birth-year cohorts. Evidently, there is also a high degree of heterogeneity in the wealth-consumption ratios across households.
Asset Returns and Some Timing Issues
We use monthly NYSE value-weighted returns as a measure of nominal returns on risky assets and monthly 30-day Treasury bill returns as a measure of nominal returns on risk-free assets.
To calculate real returns, we use the consumer price index for urban households as a deflator.
As discussed above, we are able to construct only one observation of consumption growth and of wealth-consumption ratio for each household at the semiannual frequency. Thus, we need to convert the monthly asset returns into semiannual returns.
Obtaining semiannual asset returns based on monthly returns involves a somewhat subtle timing issue. By construction, the consumption growth rate is measured by the ratio of a household's total consumption during the last two quarters of interview to that during the first two quarters (see (16)). The consumption-savings decision can be made in any month during the first two quarters. If the intertemporal consumption-savings decision is made between the first and the seventh month, then the relevant semiannual asset return should be R m+1 R m+2 · · · R m+6 , where R m+1 denotes the gross real asset return between month m and m + 1, R m+2 denotes the return between month m + 1 and m + 2, and so on. But if the intertemporal decision occurs between, for instance, the fourth and the tenth month, then the relevant semiannual return should be Since the asset holders in our sample can hold a broad range of assets, we measure the asset returns in our estimation by an average between the real value-weighted NYSE returns and the real 30-day Treasury bill returns (i.e., joint returns). For comparison with the literature, we also examine an alternative measure of asset returns, which is the real value-weighted NYSE returns (i.e., stock returns).
The Estimation Methods
We estimate a log-linearized conditional Euler equation derived from our model using the generalized method of moments (GMM). We test the statistical significance of the temptation parameter by also estimating a restricted version of the model that does not allow for self-control preferences and thereby constructing a Wald test statistic. In what follows, we describe the equations to be estimated, the instrumental variables to be used, and the estimation and testing procedure.
The Estimation Equations
We estimate the log-linearized intertemporal Euler equation (13) augmented by a factor that controls for family size and by 12 monthly dummies that adjust for seasonality. In particular, the estimation equation for a particular cohort j that consists of H j t households in period t is specified as
where σ is the EIS, the D's are monthly dummies, and ∆ ln F jh t+1 is the the cross-sectional average of log changes in the households' family size. The variables cg j t+1 and χ j t+1 , to reiterate, are respectively the consumption growth rate and the wealth-consumption ratio for cohort j. The coefficients in front of the monthly dummies (i.e., the δ's) are functions of the subjective discount factor, the unconditional mean of the wealth-consumption ratio, and the conditional second or higher moments of the log asset returns, log consumption growth, and log wealth-consumption ratio.
A distinct feature of self-control preferences is that an individual who is more susceptible to temptation has incentive to hold more commitment assets, that is, assets that cannot be easily re-traded (e.g., Gul and Pesendorfer, 2004b) . One form of such assets is education (e.g., Kocherlakota, 2001 ). To capture the preference for commitment, and thereby to distinguish self-control preferences from other preference specifications such as habit formation (e.g., Constantinides, 1990) or non-expected utility (e.g., Zin, 1989, 1991) , we include an interaction term in the regression between the wealth-consumption ratio and an education dummy. The education dummy takes a value of one if the head of a household has a bachelor's degree or higher level of education, and zero otherwise. Specifically, we assume that the temptation parameter is a function of the education dummy (denoted by "EDUC"), so that
Substituting this expression for φ in (20), we obtain
where EDU C jh is an education dummy for household h in cohort j.
The error term µ j t+1 in these regression equations consists of expectation errors in the Euler equation and measurement errors in log consumption growth and log wealth-consumption ratio.
It is also possible that the conditional second or higher moments contained in the δ's are not constant, in which case, the δ terms capture the unconditional means of the second or higher moment terms, and the error term µ j t+1 contains the deviations of these higher moments from their unconditional means.
The Instrumental Variables
An appropriate instrumental variable should be correlated with the explanatory variables including asset returns and the wealth-consumption ratio, but uncorrelated with the error term µ t+1 .
There are three types of errors in µ t+1 , including expectation errors, approximation errors, and measurement errors. Under rational expectations, the expectation errors in µ t+1 are uncorrelated with variables in the information set of period t. For simplicity, we assume that the second or higher moment terms of the relevant variables in the estimation equations (20) and (22) are either constant or uncorrelated with variables in the information set of period t. Under these assumptions, any variable dated t or earlier can serve as an appropriate instrument if there are no measurement errors. However, since we use CEX data, we need to confront issues related to measurement errors in the consumption growth rate and the wealth-consumption ratio when we select our instruments.
The instruments that we use for the asset returns include (i) a log dividend-price ratio measured by the ratio of dividends paid during the previous 12 months to the current-period S&P 500 index price, (ii) lagged, log real value-weighted NYSE returns, and (iii) lagged, log real 30-day Treasury bill returns. All these financial variables are known to be good predictors of real stock returns and Treasury bill returns. 18 Some caution needs to be applied in constructing the lags. The instrument that we use for the wealth-consumption ratio is the lagged wealth-income ratio (i.e., ln(w t /y t )). Since our measure for wealth w t+1 is constructed under a "buy-and-hold" assumption (see (18)), it should be correlated with lagged wealth w t . In the case where an interaction term between the wealth-consumption ratio and the education dummy is included as an explanatory variable, we use an interaction term between the lagged wealth-income ratio and the education dummy as an additional instrument. 19 Table 3 reports the first-stage regression of the wealth-consumption ratio on the instrumental variables. The table reveals that the lagged wealth-income ratio is highly correlated with the wealth-consumption ratio, with regression coefficients significant at the 1% level under both the simple-cohort specification and the synthetic cohort approach.
18 The financial time series here are downloaded from the Center for Research of Security Prices (CRSP). 19 To the extent that measurement errors in wealth are serially uncorrelated, the lagged wealth-income ratio should be an appropriate instrument. Motivated by concerns that measurement errors might be serially correlated, we also estimated a Euler equation without using the lagged wealth-income ratio as an instrument, and we obtained similar results (not reported). Note that we use the lagged wealth-income ratio instead of the lagged wealth-consumption ratio as an instrument, since the latter would be correlated with measurement errors in the consumption growth rate.
The Estimation and Testing Procedure
We estimate the EIS and the temptation parameter using GMM with an optimal weighting matrix. In our estimation, we explicitly account for autocorrelations of the MA(6) form and for heteroscedasticities of arbitrary forms in the error term. Autocorrelations in the error term may arise from the overlapping nature of consumption growth and thus of expectation errors, and heteroscedasticities may be present because the size of the cohort cells may vary over time. We estimate our model based on the birth-year cohort approach proposed by Attanasio and Weber (1995) . Our birth-year cohorts consist of five-year intervals, and we have five birth-year cohorts and thus five cohort-specific time series for each variable in the estimation equation. For comparison, we also estimate our model based on a simple-cohort approach, under which we obtain a single time series for each variable of interest by taking the cross-sectional average of the relevant variable at the household level across all households classified as asset holders.
To test the statistical significance of the presence of temptation, we follow two steps. First, we estimate the unrestricted model described by (20) 
The Results
The results of the GMM estimations of the log-linearized model of equation (20) and (22) are shown in Table 4 . We report the estimated values of the parameters of interest under both the simple-cohort approach and the synthetic-cohort panel specification.
The first three columns (1)- (3) in Table 4 (3) reports the results when the interaction term between education and the wealth-consumption ratio is included. The point estimate for the EIS is lowered to 0.440 and is statistically insignificant. A notable feature is that, when we allow for the interaction term to capture the temptation parameter for individuals with high levels of education, the point estimate for the temptation parameter in this subgroup of individuals with high levels of education is much larger than its population counterpart: it increases by an order of magnitude from 0.023 to 0.237. To the extent that education is a form of commitment assets, this result is consistent with the model's implication that a tempted individual has a preference for commitment. A problem with the estimates obtained under the simple-cohort approach is that the estimates are insignificant, and one cannot reject the null that the temptation parameter is zero. However, the rejection of the presence of temptation, as well as the inaccurate estimates of the EIS and the temptation parameter, may simply reflect a small-sample problem associated with the simple-cohort approach.
The synthetic cohort approach based on birth-year cohorts does not share this problem.
Columns (4)-(9) report the estimation results using the pseudo-panel data constructed based on birth-year cohorts. Here, instead of having a single time series, we have a pseudo panel of data consisting of five time series, corresponding to the five birth-year cohorts. The sample size is now 988, close to five times as much as that under the simple-cohort technique. 21
Columns (4)-(6) report the estimation and testing results using the joint returns as a proxy for asset returns. The point estimate for the EIS in the model without temptation is similar to that obtained under the simple-cohort specification. In the model with temptation but without the interaction term, the point estimate for the EIS isσ = 0.905, with a standard error of 0.430; and the point estimate for the temptation parameter isφ = 0.031, with a standard error of 0.015.
When the interaction term is included, the point estimate for the EIS increases slightly to 0.999 with a standard error of 0.449, the estimated coefficient on the wealth-consumption ratio is close to zero and insignificant, and the estimated coefficient on the interaction term is 0.162 with a standard error of 0.089. Thus, similar to the case with a simple cohort, individuals with high levels of education also have a high estimated value of the temptation parameter. This result lends support to the presence of temptation and self-control in preferences. In contrast to the case with a simple cohort, the estimated values of the temptation parameter under the synthetic cohort approach are statistically significant. The Wald statistics and the associated p values overwhelmingly rejects the null hypothesis that φ = 0 and the joint hypothesis that φ 0 = 0 and φ 1 = 0. In this sense, temptation and self-control preferences are indeed an empirically important feature that characterizes individuals' optimal intertemporal decisions.
To examine the robustness of the results, we also estimate and test the models using some other proxies for asset returns. Columns (7)- (9) report the results when we replace the joint returns by stock returns measured by the value-weighted NYSE returns. The estimates for the EIS, with or without temptation, are now notably smaller than those obtained using joint returns. In the presence of temptation, the EIS estimates are significant at the 5% level. The point estimates for the temptation parameter are quite close to those obtained using joint returns as a proxy for asset returns. The Wald test of model restrictions overwhelmingly rejects the null that the temptation parameter is zero. This, again, suggests the presence of temptation and self-control. 22
Further Evidence
Under the Gul-Pesendorfer preferences, an individual who is more susceptible to temptation has incentive to hold more commitment assets, as these assets help reduce the cost of self-control. We exploit this theoretical implication in our empirical study of the GP preferences by including in our estimation equation an interaction term between the wealth-consumption ratio and an education dummy, as education is often viewed as a form of commitment assets (e.g., Kocherlakota, 2001 ).
We find that the temptation parameter is larger for individuals who have received higher levels of education. This finding lends empirical support to the GP preferences.
In addition to education, there are other forms of commitment assets, such as pensions. In our empirical estimation, we include an interaction term involving an education dummy to capture the effects of commitment on intertemporal decisions. We do not include interactions with pensions 22 In obtaining the estimates reported in Table 4 , we use an aggregation approach that allows for the possibility of imperfect risk sharing among households (see Section 3). To examine the role of risk sharing, we have also estimated a version of the model with complete risk sharing, in which the consumption growth rate is measured by the growth rate of mean consumption and the wealth-consumption ratio is measured by the ratio of mean wealth to mean consumption. The point estimate for the temptation parameter φ is close to zero and insignificant. This because, while education levels are likely exogenous for intertemporal decisions, pensions may not be. Since an individual who is more susceptible to temptation should have incentive to hold more commitment assets, we should observe positive correlations between education and pension contributions. Table 5 shows the patterns of pension contributions for individuals with different levels of education. In the whole sample of asset holders, about 35% of households report positive contributions to retirement accounts (Panel A) . In the high-education group (i.e., those with a bachelor's or higher degree, as represented by our education dummy), the fraction of pension contributors is about 40%, much higher than that in the low-education group (30%) and that in the whole sample. Individuals who report positive contributions would save on average about 5.95% of income in retirement accounts, and the rate of retirement saving does not differ much between the two education groups (6.00% vs. 5.90%). However, since individuals in the high-education group are more likely to contribute than those in the low-education group, the mean retirement saving rate in the high-education group is significantly higher (2.44% vs. 1.77%).
These observations are consistent with the presence of temptation in intertemporal decisions, but the correlations between education and pension contributions might also be driven by some other factors. For instance, wealthy individuals are likely to have both high levels of education and high probabilities of retirement savings. To control for the wealth effect, we split the sample of households according to their wealth levels, and report the relation between education and pension contributions for each wealth group. Panels B-D in Table 5 reveal that, while wealthier individuals are more likely to contribute to pensions regardless of education levels, an individual with a higher level of education within each wealth group is more likely to save for retirement, just as in the whole sample. In particular, in the low-wealth group ($25, 000 or below), 33% of households who hold a bachelor's or higher degree report positive contributions, compared to 23% for those with lower levels of education; in the mid-wealth group (between $25, 000 and $50, 000), educated individuals are also more likely to contribute, although the difference across the two education groups is slightly smaller (37% vs. 31%) than that in the low-wealth group; in the high-wealth group (above $50, 000), individuals with higher levels of education are again more likely to save for retirement (46% vs. 37%). Thus, a general pattern stands out: individuals who spend more years in school are also more likely to contribute to retirement accounts, regardless of their wealth levels.
To summarize, we find that individuals with higher levels of education have a larger temptation parameter. Further, these same individuals are also more likely to contribute to pension funds.
As both education and pension contributions may have commitment values, our findings lend empirical support to the theory that temptation and self-control is an important characteristic in intertemporal consumption-savings decisions.
Some Applications
The presence of temptation and self-control in preferences not only changes the form of the utility function, but also augments the asset-pricing kernel with the wealth-consumption ratio. Based on our estimates of the strength of temptation, we now examine the quantitative implications of this class of preferences for two issues: the equity premium and the welfare cost of business cycles.
Equity Premium and the Hansen-Jagannathan Bound
Let R f t denote the gross return of a risk-free asset between period t and t+1, and R e t+1 = R t+1 −R f t the excess return of risky assets. The risk-free return equals the inverse of the conditional mean of the SDF. That is,
Using this relation and the intertemporal Euler equation (6), we obtain the unconditional mean of the excess return
Let ρ(m, R e ) denote the correlation coefficient between the SDF and the excess return and σ(x) denote the standard deviation of a variable x. Using the relation that Cov(m, R e ) = σ(m)σ(R e )ρ(m, R e ) and the fact that ρ(m, R e ) ≤ 1, we obtain from (24) the Hansen-Jagannathan
where, to obtain the last approximation, we have assumed a lognormal distribution of the SDF.
Using (11), we obtain
where ∆ ln c t+1 = ln(c t+1 /c t ) denotes the log-growth rate of consumption, and
where χ t+1 = w t+1 /c t+1 denotes the wealth-consumption ratio.
Clearly, without temptation and self-control, φ = 0 so that σ(ln m) = γσ(∆ ln c t+1 ) and the HJ bound takes the standard form
In the U.S. data, average excess return is about 0.8 percent and the standard deviation of the excess return is about 0.16 percent, so that the sharp ratio is about
σ(R e ) = 0.5 (see, for example, Cochrane, 2005, p.456) . Since the standard deviation of consumption growth in aggregate U.S. data is around 0.01 percent, the HJ bound requires risk aversion of an implausible magnitude: γ has to be greater than or equal to 50! This illustrates a version of the equity premium puzzle first presented by Mehra and Prescott (1985) .
A natural question is then: Does introducing temptation and self-control in the utility function help resolve the equity premium puzzle? Comparing the HJ bound under the GP preferences (26) and the one under the standard CRRA utility (28), we see that the answer depends on the sign and magnitude of the term φΓ, where Γ is given by (27) . As long as consumption growth and the wealth-consumption ratio are negatively correlated, we would have Γ > 0 and things would be moving in the right direction. Indeed, in our sample of households who hold assets in the CEX data, the correlation coefficient between consumption growth and wealth-consumption ratio is about −0.09, so that Γ > 0. Now, what about the magnitude? To see how large the temptation parameter φ is required to meet the HJ bound, we first fix the risk aversion parameter at γ = 1, which is close to its point estimate in the presence of temptation, as reported in Table 4 (column (5)). We then use the sample standard deviation of consumption growth given by σ(∆ ln c) = 0.04, the standard deviation of logged wealth-consumption ratio given by σ(ln χ) = 0.39, and a sample correlation of ρ(∆ ln c, ln χ) = −0.09 between these two variables to compute a lower bound for φ so that the HJ bound in (26) is satisfied, that is, γ var(∆ ln c t+1 ) + φΓ ≥ 0.5. It turns out that to satisfy the HJ bound requires φ > 1.26. In contrast, the point estimate for φ is about 0.03, much lower than that required to satisfy the HJ bound. Figure 1 plots the combinations of γ and φ that are required to meet the HJ bound (the solid line), along with our point estimates of these two parameters (the circle). Clearly, the point estimates lie far from the HJ bound. Thus, although the strength of temptation is empirically significant, allowing for temptation and self-control in utility does not seem to help explain the equity premium puzzle.
Temptation and Welfare
We now examine the quantitative implications of temptation preferences on the welfare cost of business cycles based on our estimated strength of temptation. Following Lucas (1987) , we focus on a representative-agent economy, and we do not attempt to model the driving forces of the business cycle properties of consumption and wealth; instead, we assume that these variables follow the same stochastic processes as observed in U.S. data. 23 We imagine the existence of a (black-box) model that is capable of generating exactly the same business cycle properties of consumption and wealth as in the data. In practice, we assume that the logarithm of the level of real consumption per capita follows a trend-stationary process,
where z t is an i.i.d. white-noise process with mean 0 and standard deviation σ z . We also make an assumption that the log-level of real wealth per capita follows a trend-stationary process,
where u t is an i.i.d. white-noise process with mean 0 and standard deviation σ u . To help exposition, we assume that u t and z t are independent processes. 24 The assumption that consumption and wealth share a common trend is motivated by empirical evidence on the existence of a cointegration relation between the two variables in U.S. data (e.g., Ludvigson, 2001, 2004) .
The terms σ 2 z /2 and σ 2 u /2 are subtracted from the log of consumption and the log of wealth to ensure that changes in the variances of the innovation terms are mean-preserving spreads on the corresponding levels.
In the spirit of Lucas (1987) , we ask the following question: What would be the maximum welfare gains if all uncertainties in consumption and wealth are eliminated? To answer this question, we measure the welfare gains by the percentage increase in consumption that the representative household needs to be compensated in the economy with uncertainties specified in (29) and (30), so that the household would be indifferent between living in the stochastic economy and living in a hypothetical benchmark economy without uncertainties. We call this measure of welfare the "compensation consumption equivalence" (CCE). With some algebra, we can show that the CCE is given by
for the case with γ = 1 (i.e., the log utility), and by
23 One should view the analysis here as a first pass to a more ambitious investigation that takes into account potential effects of household heterogeneity and market incompleteness, among other frictions. For a survey of recent progress in this literature, see, for example, Barlevy (2004) . 24 Allowing for cross correlations between these processes does not change the qualitative results. A more ambitious exercise should consider general equilibrium interactions between consumption and wealth, which we leave for future research.
for the general case with γ = 1.
Evidently, the welfare cost of business cycle fluctuations increases with consumption volatility (i.e., σ 2 z ) and, if λ > 0, decreases with wealth volatility (i.e., σ 2 u ). Lucas's original calculation based on standard preferences without temptation suggests that the welfare costs of business cycles are likely small. Our calculation here suggests that, in the presence of temptation (i.e., λ > 0), the costs would be even smaller. Further, depending on the volatility of wealth relative to that of consumption and on the strength of temptation, the welfare costs of fluctuations can even be negative! It is clear that risk-averse individuals dislike fluctuations in consumption, so that an increase in consumption volatility raises the welfare cost of fluctuations. It is less transparent why the welfare cost decreases with wealth volatility in the presence of temptation. To understand this result, it helps to inspect the utility function (2). There, it is clear that, as wealth increases, the household needs to exert more efforts to resist the temptation of overconsumption, although it enables the household to afford more. Since the temptation utility with respect to wealth is concave, larger volatilities in wealth fluctuations tend to lower the expected temptation utility, and thus to reduce the efforts needed to resist temptation. In this sense, fluctuations in wealth provide some commitment value that increases welfare. This is why an increase in the variance of wealth tends to reduce the welfare costs, as revealed by the expressions in (31) and (32). These expressions also reveal that, as the strength of temptation measured by λ increases, the welfare cost declines for given volatilities in consumption and wealth, as illustrated by Figure 2 . 25 A natural question is then: What is the quantitative size of the welfare costs of business cycle fluctuations in the U.S. economy? To answer this question, we need to calibrate the volatilities σ z and σ u , the parameters γ and λ, and the wealth-consumption ratio W/C. For the purpose of illustration, we calibrate the volatilities and the wealth-consumption ratio using two alternative sources of data. One is the aggregate time series of consumption, income, and asset holdings constructed by Lettau and Ludvigson (2001) based on NIPA data; and the other is CEX data.
The trends in the data are removed by applying the Hodrick-Prescott filter (for CEX data, we also make seasonal adjustments before applying the HP filter). From NIPA data, we obtain σ z = 0.008, σ u = 0.025, and W/C = 6.1. From CEX data, we obtain σ z = 0.025, σ u = 0.039, and W/C = 8.6. 25 The welfare costs in Figure 2 are calculated based on the assumption of log utility, with the average wealthconsumption ratios and the volatilities of consumption and wealth calibrated to NIPA data and CEX data, respectively, as we describe below.
Given the average wealth-consumption ratio in our samples, we then calibrate the parameters γ and λ using our estimates for the EIS parameter σ and the temptation parameter φ, as well as the relation in (15). Our estimate for σ (based on joint returns) suggests that γ is close to 1, so we set γ = 1 as a benchmark value. Given the value of γ, a point estimate of 0.031 for φ implies that λ = 0.2849 if NIPA data are used to construct the average wealth-consumption ratio, and λ = 0.4795 if CEX data are used instead. These parameter values imply that CCE = −0.0037 percent for NIPA data and CCE = 0.0066 percent for CEX data. These results suggest that the welfare costs of business cycle fluctuations are not only small but can even be negative with our estimated strength of temptation in preferences.
What does this finding say about stabilization policies? Lucas (1987) concludes from his welfare exercises that stabilization policies may improve social welfare, but they are far less important than policies that promote economic growth. Our results lend support to his view. Further, our results suggest that stabilization policies, especially those aiming at smoothing income and therefore wealth fluctuations, can be counterproductive, since fluctuations in income and wealth serve to reduce the efforts needed for individuals to resist temptation. In this sense, though fluctuations in consumption may reduce welfare, some fluctuations in income and wealth can be socially desirable and might not deserve to be targets of stabilization policies.
It is easy to generalize our welfare calculations to evaluate alternative stochastic consumption paths in the presence of temptation. Consider two stochastic equilibria in two economies characterized by E = {µ, σ z , σ u } and E = {µ , σ z , σ u } respectively, and denote
We then pose the following general question: What uniform percentage variation in consumption in E needs to be made so that the household would be indifferent between living in E and E ?
With some algebra, we can show that, in the case with log utility (i.e., γ = 1), the answer to this question is given by
where SCE (stochastic consumption equivalence) is our welfare measure, and δ is the subjective discount factor. 26 Clearly, in the special case where E = {µ, 0, 0}, that is, in the deterministic economy without fluctuations and with the same trend growth rate as that in E, the welfare expression would reduce to CCE 1 in (31). In general, the welfare cost of moving from one stochastic economy to another depends on the differences in trend growth rates, in consumption volatilities, and in wealth volatilities. The general conclusion is that, by moving from one economy to another, the welfare cost increases if the consumption volatility increases, the wealth volatility decreases, or the trend growth rate falls.
Conclusion
In a series of important contributions, Pesendorfer (2001, 2004a) have laid down a theoretical, axiomatic foundation for the representation of preferences that allows for temptation and self-control. One of the main attractions of the axiomatic approach is that such preference representation is time-consistent, and is thus suitable for studying optimal policies. Temptation and self-control preferences have many important implications on macroeconomic issues, such as social security reform, income tax reform, and a variety of asset-pricing issues (e.g., Smith, 2002, 2003; DeJong and Ripoll, 2003 ; and the survey by Gul and Pesendorfer, 2004b) . To assess with confidence the quantitative importance of such preferences for these prominent issues, one needs to get a sense about whether or not the presence of temptation and self-control in preferences is supported by data.
This paper provides a first attempt to estimate the strength of temptation and self-control using household-level data. We have presented a simple infinite-horizon consumption-savings model that allows, but does not require, temptation and self-control in preferences. We have shown that, in the presence of temptation and self-control, the asset-pricing kernel is a function of not only consumption growth, as in standard models with CRRA utility, but also the wealth-consumption ratio, a feature unique to the model with temptation and self-control preferences. Using individual household-level data on consumption and wealth from the U.S. Consumer Expenditure Survey, we have obtained statistically significant joint estimates of the elasticity of intertemporal substitution and the parameter measuring the strength of temptation and self-control. The use of household-level data allows us to take into account limited participation in asset market transactions, and our aggregation procedure allows for the possibility of uninsurable idiosyncratic risks.
Our empirical results lend support to the presence of temptation and self-control in individuals' preferences.
To illustrate the economic significance of temptation preferences, we have recalculated the equity premium and the welfare costs of business cycle fluctuations based on our estimated strength of temptation. It turns out that the equity premium puzzle documented in the literature based on standard preferences is still a puzzle under temptation preferences. A somewhat surprising finding is that the presence of temptation further reduces the welfare cost of fluctuations, and can even make the welfare cost negative. This result arises because there are two offsetting forces that drive the welfare cost of business cycles. The first works through fluctuations in consumption, which tend to reduce welfare since individuals are risk-averse with respect to consumption, just as in the standard model without temptation. The second works through fluctuations in income and wealth, which tend to improve welfare since, in the presence of temptation, the utility of wealth enters negatively so that individuals are risk-seeking with respect to wealth. In this sense, some fluctuations in income and wealth can be socially desirable if individuals are exposed to temptation and costly self-control.
Our findings also have potential implications for asset-pricing issues. In the presence of temptation, the wealth-consumption ratio and the consumption growth rate for asset holders jointly determine the asset-pricing kernel. Thus, looking into this class of preferences may also help build a theoretical underpinning for empirical work that aims at forecasting future asset returns and for explaining the cross-sectional variations of asset returns based on the wealth-consumption ratio for asset holders. Of course, temptation preferences may also play a potentially important role in understanding some issues of great economic significance, especially on public finance issues, such as the optimal design of social security and taxation systems. Quantitative assessment of these issues are promising, as they have important implications on public policy. Doing so would certainly require reliable empirical estimates of the strength of temptation and self-control, and our work represents a first step toward this direction. Note: *, **, and *** stand for significant estimates at 10%, 5%, and 1% level, respectively. Robust standard errors are reported in the parentheses. The regressions also include changes in family sizes and twelve monthly dummies as explanatory variables and instruments. The instrumental variables are those reported in Table 3 . The null hypothesis for the model restriction test is that φ 0 = 0 in the empirical specification without the interaction term between education and wealth-consumption ratio; and φ 0 = φ 1 = 0 in the specification with the interaction term. The Wald statistic for the model restriction test has a χ 2 distribution with a degree of freedom equal to the number of restrictions. 
